The amino acid composition of human alcohol dehydrogenase (ADH) was compared with alcohol dehydrogenases from different organisms and with other proteins. Similar amino acid sequences in human ADH (template protein) and in other proteins were determined by means of an original computer program. Analysis of amino acid motifs reveals that the ADHs from evolutionary more close organisms have more common amino acid sequences. The quantity measure of amino acid similarity was the number of similar motifs in analyzed protein per protein length. This value was measured for ADHs and for different proteins. For ADHs, this quotient was higher than for proteins with different functions; for vertebrates it correlated with evolutionary closeness. The similar operation of motif comparison was made with the help of program complex "MEME". The analysis of ADHs revealed 4 motifs common to 6 of 10 tested organisms and no such motifs for proteins of different function. The conclusion is that general amino composition is more important for protein function than amino acid order and for enzymes of similar function it better correlates with evolutionary distance between organisms.
Introduction
The problem of protein molecular evolution has been intensively discussed by evolutionary biologists since the 1960s [1] and especially after well-known works by M. Kimura [2] . It is established that the functionally important parts of a protein molecule change in the process of evolution more slowly then non-functionally important parts. This is caused by strict selection pressure establishing the correspondence of structure and function of functionally important parts of protein molecules [3] . On the contrary, Graur [4] proposed that the rate of protein evolution is determined by protein amino acid composition and functional constraints have little effect. The detailed investigation of this issue by J.Tourase and Wen-Hsiung Li [5] showed that the rate of protein evolution is only weakly affected by amino acid composition but is mostly determined by the strength of functional requirements or selective constraints. Among the requirements to the functionally important protein molecule sites is the low stability of 3D molecule structure (few kcal/mol) [6, 7] . The physicochemical properties of amino acids determine patterns of structure conservation in the protein molecules [8] . Neutral mutation may have little effect on folding transition states [9] .
In this work, we investigated the problem of importance of strict amino acid order in protein molecules for their functioning. We used the approach of comparing the structure of functionally relative proteins (enzymes with the same function from different species). We determined the sites of protein molecules with similar general amino acid composition (disregarding amino acid order) using our own program and the program "MEME" regarding the order of amino acid residues in the protein molecule.
Experimental Procedures
Amino acid sequences of alcohol dehydrogenases (ADHs) and other proteins were obtained from NCBI and KEGG databases. We compared the amino acid composition of proteins with similar function (ADH) and of various functions from different organisms with amino acid composition of human ADH. We used the Homo sapiens protein as a template and compared it with different proteins. The list of investigated proteins and the number of their amino acid residues is shown in Table 1 .
We determined similar sequences in ADHs in different organisms and in proteins of different functions and compared the number of similar sequences in both cases. An original computer program has been developed for these purposes. The program was written in Delphy-7.
We compared the amino acid sequence of definite length (15 amino acids) in the human protein (ADH) and another protein. This "template" sequence was located at the beginning of human ADH molecule. On the second step, we consequently compared a chosen sequence of amino acids with another analyzed protein (from 1 to n-15, where n is amino acids number in the protein investigated). If the quantity of the identical amino acids in the template and the analyzed sequences was 80% or more, we marked this sequence as coinciding and assigned a special number to it. All operations were performed consequently for all possible sites in the template protein from the first to m-15 amino acid position in it, where m is amino acids number. The operation was performed consequently for each amino acid position in the analyzed protein. This was done in two ways: first -disregarding the amino acid order in the analyzed protein; second -taking into consideration amino acid order in the analyzed protein but not performing the operation of alignment.
The motifs of homologous protein sequences were selected by the following procedure. If we met three or more similar sequences with consequent numbers (m, m+1, m+2), we considered that we revealed the motif with the length 15+a, where a is the number of consequent sequences (a≥3). We applied the same procedure for the template protein (human ADH) and for investigated proteins. The characteristics of obtained motifs are presented in Tables 2 and 3 .
To compare the method of motif selection proposed by us with the commonly used methods of protein sequence analysis, we determined homologous motifs in human ADH and analyzed proteins with the help of wellknown computer program packet "MEME" (www.http:// meme.nbcr.net). We compared the protein sequence of the template protein (human ADH) with all tested protein sequences. Results are presented in Figures 1 and 2 . 
Results
As one can see from Table 2 , the proteins from evolutionary close species are characterized by a higher number of common motifs than the proteins from evolutionary distant species. This tendency can be seen most distinctly if one calculates the number of common motifs per amino acid chain length while disregarding amino acid order. This ratio lays in the limits between 0,0236 and 0,4507. Some proteins (ADH from Drosophila affinis and Oryza sativa) are characterized by minimal number of motifs due to the fact that they belong to different enzyme type, and this particularity may also be seen from the data in Figure 1 . If one takes into consideration the strict position of each amino acid, then the number of motifs per protein length does not reflect evolutionary position of the species. These data imply that overall (brutto) content of amino acid composition in the ADH molecule is maintained by natural selection more strictly than precise amino acid order.
If we analyze the similarity of proteins with different functions from the same or closely related species, we can see that there is very little similarity between motifs in ADH and other proteins and the degree of dissimilarity is about the same between ADH and every other protein (Table 3, Figure 2 ).
The analysis with "MEME" revealed definite motifs of sequences related to homologous sequences in the template protein. As one can see from Figure 1 , the quantity of revealed sequences is loosely related to systematic position of the organism. For instance, ADH from Gorilla gorilla is more evolutionary distant from the human ADH than ADH from Escherichia coli. The number of motifs does not correlate with systematic position of the organism and the function of the protein.
On the contrary, in our method the number of motifs is well correlated with evolutionary position of the organism (within vertebrates). Besides, the results of analysis of the tested proteins with our own computer program indicate that evolutionary significance of strict fixation of amino acid residues is less important than the general (brutto) amino acid composition without strictly defined position in the protein sequences.
Discussion
The main question that arises if molecular structure of proteins is analyzed is how the molecular composition of amino acid residues is connected with the process of protein evolution. Since the first works of M. Kimura [2] , the founder of neutralism theory postulated that the rate of evolutionary substitutions of amino acid residues in proteins is independent from time and depends on protein type and function. It is commonly assumed that amino acid residue order in proteins is very important for protein function [10] . The most important factor of evolution is selection of advantageous mutations [11] .
Comparative study of amino acid residues in different proteins from various organisms suggested that most amino acid substitutions in proteins do not change the protein function and are selectively neutral or nearly neutral [12, 13] . The amino acid substitutions occurred less frequently in functionally important proteins or protein regions than in important ones [14] . The common method of analysis of evolutionary changes is to consider two or more loci and examine the consistency between species variation [15] . Exploiting this method enabled us to draw conclusion that the general composition of definite loci in protein molecules is more important than the strict order of amino acid residues. If the mutation does not change the gene function it is called more or less neutral [12, 16] . The data presented in this article indicate that mutations changing amino acid composition of definite functionally important loci are not neutral and amino acid composition is maintained by the natural selection. Our results may suggest that thermodynamic properties of definite loci in protein molecule are the most important trait for the natural selection sieve.
Conclusions
Analysis of the ADHs from different species made 1.
by the commonly used program "MEME" revealed that there are similar motifs that are the same for proteins from species with different evolutionary positions.
Our approach to protein sequence analysis allows 2.
us to establish correlation between the protein amino acid composition and the approximate evolutionary position of the corresponding species. Analysis of amino acid composition of protein loci 3.
in functionally and evolutionary close proteins of different organisms made by our program revealed that general amino acid composition is more stable in evolution than precise amino acid order.
